Introduction
============

Breakthroughs in surgical methods and anesthesia reduce mortality and morbidity in patients who have undergone liver resection. However, since a portion of a normal-functioning liver was resected in the course of surgery, the portion that remains becomes a major factor in assessing the risk of liver dysfunction after the operation \[[@B1]\]. Liver recovery after the operation would be affected by hyper-metabolic status and hyper-hemodynamic status after resection \[[@B2]\]. If various toxic substances accumulated in the body due to liver damage and cytokines were directly secreted into the circulatory system from the damaged liver, such a situation may worsen \[[@B3]\]. Moreover, the liver damage may be more severe due to activated leukocytes and proteases \[[@B4]\].

Ulinastatin, a protease inhibitor that is detected in urine and blood, was revealed to effectively reduce ischemic damage in multiple organs \[[@B5]-[@B7]\]. Ulinastatin administered during gastrectomy inhibited the increase of pro-inflammatory cytokines and can affect changes in liver function tests (LFT) \[[@B8]\].

In this study, we tried to assess the effects of ulinastatin through a tracking survey of LFT in the groups with and without ulinastatin, referring to the records of patients who had undergone liver resection.

Materials and Methods
=====================

This study was approved by the hospital Institutional Review Board. We retrospectively investigated the medical records of patients who had undergone liver resection during the period of January 2006 to June 2010 who were 31-79 years old with American Society of Anesthesiologists (ASA) physical status I and II. All surgeries were performed by 3 surgeons, including liver wedge resection, liver lobectomy, and segmentectomy. It was confirmed by interviews with the surgeons that the surgical procedure and instruments being used remained unchanged. In the ulinastatin group, Hartmann\'s solution 1 L and Ulistin® (Ulinastatin, 100,000 IU/2 ml, Hanlim Pharm. Co., Ltd, Seoul, Korea) 300,000 IU were mixed and administered intravenously during the operation. The laboratory data reached a maximum within 3 days after the operation and were analyzed. Cases of postoperative aspartate transaminase (AST) levels \> 400 U/L were compared between groups. Cases of preoperative AST or alanine transaminase (ALT) level \> 100 U/L, serious systemic disease higher than ASA physical status III, and intraoperative transfusion of \> 3 units of red blood cells were excluded. Additionally, cirrhosis (yes/no) was defined by histologic evaluation.

The statistical program used in this study was SPSS 16.0 for Windows (SPSS Inc., Chicago, IL, USA) and the data are presented as numbers or mean ± SD. Comparisons between groups were performed using chi-square test or independent samples t-test. Odds ratio and 95% confidence interval were obtained from the comparison of both groups using the chi-square test to evaluate associations between elevated AST level \> 400 U/L after surgery and infused ulinastatin during surgery. The difference was considered statistically significant when P \< 0.05.

Results
=======

The total number of subjects was 201, including 132 in the ulinastatin group and 69 in the control group. There were no significant differences in sex, age, body weight, height, cirrhosis proportion, or hepatitis proportion between groups ([Table 1](#T1){ref-type="table"}). Operation type, time, and anesthetics are shown in [Table 2](#T2){ref-type="table"}. There were no significant differences in the operating times, kind of anesthetic agent used, and total number of left hepatectomies and liver wedge resections between groups. The number of patients who underwent right hepatectomy was significantly greater (17.4% vs. 36.4%, P \< 0.01) and segmentectomy was significantly smaller (50.7% vs. 40.9%, P = 0.04) in the ulinastatin group.

Major complications included acute hepatic failure (1 patient in the control group and 3 patients in the ulinastatin group), and bleeding (2 patients in each group).

No difference appeared in AST and ALT before the operation in either group, whereas they appeared to be significantly lower in the ulinastatin group (189 ± 173 vs. 143 ± 91 \[P = 0.04\], 138 ± 115 vs. 105 ± 73 \[P = 0.03\], respectively) ([Table 3](#T3){ref-type="table"}). Postoperative total bilirubin levels in the ulinastatin group were significantly lower than those in the control group (P = 0.04). The number of patients whose AST levels in after operation increased to \> 400 U/L appeared to be higher in the control group (odds ratio = 3.02, 21.7% vs. 9.8% \[P \< 0.01\], respectively, 95% CI: 1.34-6.82) ([Table 4](#T4){ref-type="table"}).

Discussion
==========

After the liver resection, AST and ALT increased sharply, plateaued for 1-2 days, and then gradually decreased \[[@B9]\]. No explicit implication was made to state that these increases in AST and ALT were caused by liver damage. However, Whitehead et al. \[[@B10]\] reported that in cases of increased AST and ALT caused mostly by liver damage in patients with hypoxic liver damage, the AST value was \> 400 U/L. In this study, the average LFT after the operation appeared to be different, and the number of patients whose AST level was increased to \> 400 U/L after the operation appeared to be clearly different between the 2 groups. Furthermore, serum total bilirubin values were significantly lower in the ulinastatin group. The increase in serum bilirubin after liver resection is likely related to parenchymal ischemia or inflammation \[[@B11]\]. This finding implied that it was difficult to judge that ulinastatin directly induced liver damage by liver manipulation, but ulinastatin could affect the increase of secondary metabolic or inflammatory AST and ALT after the liver resection. Studies have reported that, in case of patients undergoing general abdominal operations and not liver resection, ulinastatin significantly inhibited AST and ALT increases after the operation, implying that it could be related to the inhibition of inflammatory cytokine increases \[[@B8]\].

Liver resection is a basic treatment for liver cancer; however, various side effects closely linked to liver failure may occur after the operation. Major factors causing such serious side effects are as follows: 1) cirrhosis or serious hepatosteatosis before the operation; 2) \< 25% of the entire liver remaining; and 3) extensive ischemia-reperfusion injury occurring in the course of liver resection \[[@B12]-[@B14]\].

Ulinastatin is a urinary trypsin inhibitor that is detected in human urine and blood. The effect of ulinastatin is dose-dependent \[[@B15]\]. In this study, 300,000 IU of ulinastatin, comparable to the 5,000 IU/kg administered in canine experiments, was administered \[[@B16]\]. Ulinastatin 6,000 IU/kg is considered the maximum safe dose because of its effects on coagulation and fibrinolysis \[[@B17]\]. In addition, the possible side effects of ulinastatin include nausea, vomiting, and hypersensitivity reactions, but the incidence is quite low at doses up to 300,000 IU/day \[[@B18]\].

Ulinastatin has anti-inflammatory and ischemia-reperfusion injury reduction effects \[[@B6],[@B18]\]. Accordingly, ulinastatin is thought to affect not only ischemia-reperfusion injuries that can be caused by liver resection but also liver injury caused by inflammatory reactions. Nonetheless, as this study was retrospective in nature, it had limited indicators for liver failure, so it has certain limits, that is, it cannot help but use non-specific variables such as increases in AST, ALT, or bilirubin.

In conclusion, ulinastatin is surely helpful in preventing liver resection-induced liver injury.
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Data are expressed as numbers or mean ± SD.
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Operation and Anesthesia
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Data are expressed as numbers (proportion) or mean ± SD. ^\*^P \< 0.05 compared with control group.
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Laboratory Data
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Values are expressed as mean ± SD. ^\*^P \< 0.05 compared with control group.
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Comparison of the Number of Patients with AST Levels \> 400 U/L after Operation
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AST: aspartate transaminase, CI: confidence interval.
